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ELECTRONIC FUNDAMENTALS, LESSON 3 


Theory Lesson 3 


INTRODUCTION 

In the early 1920’s, when radio broad¬ 
casting was very new, most radio receivers 
were made at home. The parts that went 
into them were very difficult to obtain. In 
fact, many of them were hand-made by boys 
and young men who were anxious to be 
among the first to own one of the new¬ 
fangled wireless sets. In assembling one 
of these eady radios, many hours were spent 
winding coils on large wooden coil forms or 
empty oatmeal boxes. As a result, some of 
the coils were actually larger than some 
radio receivers are today (see Fig. 3-1). 
However, some of the parts, such as resis¬ 
tors and capacitors, had to be bought, and 
there were very few stores that sold them. 

In some cases, the parts were marked 
with the value of the resistance or capacity. 
In other cases, you just took the salesman’s 
word that he was giving you the value that 
you had asked for. For example, the capac¬ 
ity of a mica capacitor might be painted or 
stamped on it, or it might be pressed into the 
bakelite case, if it had one. When it came to 
resistors, sometimes the only way you could 



Fig. 3-1 


tell the value of a resistor was by the value 
marked on the box that it came out of. If 
someone had returned a resistor to the wrong 
box, the resistor you bought might be en¬ 
tirely different in value than the resistor 
you wanted. 

In the few factories where radio receivers 
were made in those days, the problem of 
knowing one part from another was even 
greater than it was for the individual set 
builder. In a parts stock room, one box might 
contain several hundred resistors of a cer¬ 
tain value. The box next to it might contain 
resistors of an entirely different value. If 
they got mixed up, as they sometimes did, 
there was no way in which anyone could tell 
the difference, except by measuring them 
with meters, which at that time were very 
scarce. One manufacturer developed a 
special color code for making resistors 
used in his radios, but only that manufac¬ 
turer and some of his employees knew the 
code. The result was that when a radio 
serviceman fixed a radio with these coded 
resistors in it, he could not read resistor 
values unless he was an employee of the 
m anufacturer. 


3-1. COLOR CODE ADOPTED 

However, most resistors and capacitors 
were not coded. With one resistor looking 
very much like the next one, you can well 
understand how mistakes were made and 
time was lost in making the necessary 
changes when wrong resistors were wired 
into new radio receivers. So, after some 
time, certain manufacturers started an or¬ 
ganization that they called the Radio Manu¬ 
facturers Association, which is now known 
as the Radio-Electronics-Television Manu¬ 
facturers Association (RETMA, for short). 
Among other things, they decided to set up 
ways to prevent such mistakes. They de- 
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vised a color code for marking resistors and 
capacitors for easy identification, and mis¬ 
takes became less frequent. 

Today most carbon composition and cer¬ 
amic-cased wire-wound resistors are color 
coded. In addition, some paper-dielectric 
capacitors, all mica-dielectric capacitors, 
and most audio-frequency and radio-fre¬ 
quency transformers are color coded. Even 
the wiring of some radios and other elec¬ 
tronic devices is marked with a color code, 
so that the various circuits may be iden¬ 
tified Dy the color of wire used. More and 
more, it is important that people in radio 
be familiar with these codes. In any working 
day, a serviceman uses his knowledge 
of color codes many times. For example, 
color codes help him to identify resistors 
and capacitors in his stock, to identify 
the leads of the different types of trans¬ 
formers that are in a receiver, and to locate 
parts and trace circuits. When making his 
purchases of replacement resistors and 
capacitors, he may save a repeat trip to the 
distributor by checking the value of the 
parts he buys before he leaves the salesroom. 

While some servicemen sometimes 
make use of color-code cards, color-code 
wheels, and other similar devices to iden¬ 
tify the values of resistors and capacitors, 
this method is a time waster. Each time a 
repairman finds a resistor or capacitor that 
he wants to identify, he has to refer to 
his card or color-code device to find the 
value of the part. A serviceman who relies 
on such aids is lost when he forgets to 
take his color-code card on service calls 
away from his shop. On the other hand, if he 
knows the color codes, he just can’t leave 
them behind, so he always has the answers 
when he needs them. The man who really 
knows his color code works much more 
surely without constant reference to cards, 
so he makes a good impression on his cus¬ 
tomers. Customers realize that such a man 
knows what he is doing. The man who often 
refers to color cards and other notes gives 
the customer the impression that he is weak 
in his radio knowledge. For these and other 
reasons, it is very important that you learn 
the basic color code and how it is applied 
to coded parts. 


In this lesson, most of the normally used 
color codes are included. These codes are 
brought together in this one lesson so that 
they will be available to you for reference, 
now and in the future. For that reason, it 
is suggested that, when you are through with 
this lesson and have learned the basic code 
and how it is used, you bind this lesson with 
your Service Practices booklets. Then you 
will have the color codes always available 
for ready reference. 

3-2. THE BASIC COLOR CODE 

The basic color code consists of ten 
colors. Each of these colors, as shown in 
Table A, represents a digit from 0 through 9. 
Before you can learn any code, it is nec¬ 
essary that you learn what digit each of 
these colors stands for. The quickest and 
easiest way to learn this basic color series 
is by rote—which means by memorizing the 
colors in order. By repeating them over and 
over, as perhaps you learned your alpha- 
bet, you will find that you should know 
them in 15 to 30 minutes. When you can re¬ 
peat them — black, brown, red, orange, yel¬ 
low, green, blue, violet, gray, white, in 
that order, without hesitation—read on and 
see how these colors are applied to the 
first color code, which is the color code for 
identifying resistors. 

TABLE A - BASIC COLOR CODE 

Color Digit 

Black 0 

Brown 1 

Red 2 

Orange 3 

Yellow 4 

Green 5 

Blue 6 

Violet 7 

Gray 8 

White 9 


3-3. RESISTORS 

Just as it is possible to drive an auto¬ 
mobile, operate an adding machine, or use an 
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electric shaver without knowing the theory 
behind them, so it is possible to use resis¬ 
tors without knowing what they do. You will 
learn about resistors in the next few lessons, 
but, for the time being, we are going to talk 
about resistors just as radio parts without 
going into the theory behind them. 

In Service Practices 1, How To Identify 
Radio Parts, you saw pictures of typical re¬ 
sistors. In radio and TV receivers, carbon 
resistors are used most often and they look 
like those shown in Fig. 3-2. Figure 3“2a 
shows an axial-lead resistor (one where the 
leads are in line with the axis of the resis¬ 
tor). Most of the fixed carbon composition 
resistors now being made are of this type. 
Figure 3“2 b shows a resistor with radial 
leads (each lead radiates out from the end 
like a spoke of a wheel does from its hub). 
Although practically no resistors of this 
type are being made any more, many millions 
of receivers contain them. No doubt you will 
find many of them in your service work, so 
it is necessary for you to know how to iden¬ 
tify them when you see them. For that reason, 
they have been included in this lesson. 



A B 



(b) radial-lead resistor 


Fig. 3-2 

If you will carefully examine the illus¬ 
tration of the axial-lead resistor, you will 
see that there are four color-bands used to 
identify the resistor value. The first of these, 
marked Band T, stands for the first signifi¬ 
cant figure. Just what is a significant figure? 
You will meet this term many times in this 


course, so let’s stop a moment and see what 
it means. 

Significant Figures. Significant figures 
are those that are known to be correct by di¬ 
rect measurement or meaningful calculation. 
For example, suppose a motorist does 3 miles 
in 7 minutes. His rate of speed is 3 miles 
divided by 7/60 hours. If the long division 
is carried on and on, an answer of 25.7142 
miles per hour can be obtained. But the last 
four digits of the answer are not justified — 
the original measurements are not this accu¬ 
rate. The result should contain only two 
significant figures, 26 miles per hour. The 
answer is rounded off to the next higher num¬ 
ber when the next digit is 5 or more; the next 
is dropped if it is 4 or less. Thus, if our 
answer had been 25.3, it would be rounded 
off to 25 miles per hour. 

The resistor color code is capable of giv¬ 
ing the values of resistors correct to 2 sig¬ 
nificant figures . Thus, a resistor whose ac¬ 
tual value might be 27,374 ohms is labeled 
by the color code as a 27,000-ohm resistor. 
In this case, the three zeroes are not signi¬ 
ficant figures. They certainly are important, 
because they tell the order of size of the re¬ 
sistor. It is 27,000 ohms, not 270 ohms or 
270,000 ohms. But the zeroes do not really 
tell the true value of the digit that should be 
in the third, fourth, and fifth position of the 
number, and in technical language, are not 
significant figures. If the resistor were ac¬ 
tually 27,000 ohms, it would be written 
27,000.0 ohms to show this fact. 

A resistor value that is given as 1,000 
ohms contains two significant figures, be¬ 
cause this number tells us that it is closer 
to 1,000 than it is to 990 or 1,100 ohms. 
However, the last two zeroes in this case 
are not significant, because we have no way 
of knowing if the true value is really 1,000 
ohms, or 1,012 ohms, or 998 ohms. The last 
two zeroes only fix the order of size of the 
resistor. 

Resistor Color Code. We have already 
pointed out that band A stands for the 
first significant figure. Band B stands for the 
second significant figure. Band C is called 
the multiplier; it stands for the number of 
tens by which you must multiply the two sig- 
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nificant figures you read on the first two 
bands. Stated another way, the multiplier band 
tells you how many zeros you must add to the 
significant figure to get the correct value. 
Band D, the fourth band, stands for the tol¬ 
erance of the resistor. By tolerance, we mean 
the amount that a part may vary from the 
rated value that is indicated on the first 
three bands. 

It is necessary to provide a tolerance in¬ 
dication because it is very difficult to make 
carbon composition resistors of an exact 
value. Usually the value of a resistor, as it 
is marked on the first three bands, is a com¬ 
promise value between the highest and the 
lowest possible values that the resistor might 
have. For example, a resistor might be marked 
as rated for 1,000 ohms. Reading the tol¬ 
erance band, we learn that the actual value 
of the resistor maybe as high as 1,200 ohms 
or as low as 800 ohms. Because tolerance is 
usually expressed as a percent of the rated 
value, we speak of this resistor as having a 
tolerance of +20% (plus or minus twenty per¬ 
cent). In this way, we are saying that the re¬ 
sistor will have a value that is somewhere 
between the rated value plus 20% and the 
rated value minus 20%. Resistors for use in 
radio and TV receivers are classified in three 
tolerance groups: those that vary as much as 
20% above or below the rated value, those 
that vary as much as 10% abowe or below the 


rated value, and those that vary as much as 
5% above or below the rated value. Very few 
resistors are now made with a 20% tolerance, 
although they may be found in many older 
radio receivers. Resistors having a tolerance 
of less than 5% have their value in ohms and 
tolerance in percent imprinted on the body. 
These are called precision resistors. To in¬ 
dicate tolerance, we use two additional colors: 
gold and silver. If the tolerance of a resistor 
is ±5%, Band D is gold. If the tolerance is 
±10%, Band D is silver. If the tolerance is 
±20%, there isn’t any fourth band. Thus, re¬ 
sistors with only three color bands have a 
tolerance of ±20%. When reading resistors 
without tolerance bands, remember to start 
with the band nearest the end of the body. 

Examine Table B. It shows what each 
color on the four color bands found on carbon 
composition resistors and ceramic-cased 
wirewound resistors stands for. For example, 
suppose a resistor has four color bands as 
follows: brown, black, brown, silver, as in 
Fig. 3-3. Looking at the chart, you will find 
that the brown of Band A stands for the digit 
1, and the black of Band B stands for zero 
(0). The first two figures, then, are 7 and 0 . 
The brown of Band C stands for a multiplier 
of 10. You learned in school that to multiply 
a number by 10 you just add a zero to the 


TABLE B - RETMA CARBON COMPOSITION RESISTOR CODE 



f\\ SO Mil \ ’hr *fAtd CX trd s 

o -r AS £ 



Color 

Band A-First 

Significant 

Figure 

Band 8-Second 
Sign if icon# 

Figur ® 

8 and C 

Multiplier 

— Multiplier 

Number of Zeros Added 

Band D - 
Tolerance 

Black 

0 

0 

xl 

Add no zeros 


Brown 

1 

1 

xlO 

Add 0 


Red 

2 

2 

x 100 

Add 00 


Orange 

3 

3 

xl,000 

Add 000 


Yellow 

4 

4 

xI0,00o 

Add 0000 


Green 

5 

5 

x100,000 

Add 00000 


Blue 

6 

6 

x 1,000,000 

Add 000000 


Violet 

7 

7 

X10,000,000 

Add 0000000 


Gray 

8 

8 

X100,000,000 

Add 00000000 


White 

9 

9 

xl, 000,000,000 

Add 00000 0000 


Gold 



X 0.1 


±5% 

Silver 



X 0.01 


±10% 

No Color 





±20% 
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Fig. 3-3 

number. So in this case, we take the two 
significant figures we already have, 10, and 
multiply them by the multiplier, 10. We do 
this by adding zero to the two significant 
figures and we get 100. The unit of resist¬ 
ance value is the ohm, so the value of the 
resistor is 100 ohms. Band D is silver, which 
means that the tolerance is plus or minus 
10%. Therefore, the color code identifies a 
resistor of 100 ohms with a tolerance of 
plus or minus 10%; therefore the resistance 
has a value between 100 plus 10% or 110, 
or 100 minus 10% or 90. 



red red red 



Before we go on to another resistance 
value, let’s take a moment and examine the 
column under Band C - Multiplier. You have 
noted that black stands for 0 as a signifi¬ 
cant figure in bands A and B, and that 
brown stands for 1, red stands for 2, and so 
forth - 


The same idea is carried out in the third 
band, because the multiplier black shows 
that we multiply the first two figures by 1. 
So, if a resistor is coded brown, black, gold, 
the first digit would be 1, the second digit 
would be zero, and because the third band 
is black, we would multiply the first two 
digits by 1 (no zeros are added). As a 
result, we would find the resistor value to be 
10 ohms plus or minus 5%. A thousand-ohm re¬ 
sistor on the other hand, as shown in Fig. 
3 -4a, is coded brown, black, red, and what¬ 
ever tolerance band is suitable. The red 
multiplier shows that we multiply the first 
two figures by 100, which just means adding 
two zeros to the first two digits. An orange 
multiplier means adding three zeros; yellow', 
four zeros; green, five zeros; and so on. 
A resistor coded red, red, and red, as in 
Fig. 3-46, is decoded as 2,200 ohms and, 
because there is no tolerance band, it has a 
tolerance of plus or minus 20%. A resistor 
of 47,000 ohms plus or minus 5% would have 
a yellow Band A, violet Band B, orange Band 
C, and a gold Band D, as shown in Fig. 3-4c. 



UP t0 now we have discussed only values 
of resistance of 10 ohms or over. What hap¬ 
pens when the color code is applied to lower 
resistor values? Let’s see. If the resistance 
is one ohm, we cannot code it brown, black, 
black, because that is the code for 10 ohms 
(black as a significant figure is zero). To 
encode (to put into code) a resistor of one 
ohm, the first significant figure is one 
(brown) and the second significant figure is 
zero (black) as shown in Fig. 3-5a. Gold is 
used as a multiplier in the third band. On the 
chart, at the bottom of the Band C - Multi¬ 
plier column, you will find that gold-is a 
decimal multiplier equal to 0.1 (1/10) and 
that silver is a decimal multipler equal to 
0.01 (1/100). When gold appears in the third 
band, it does not indicate tolerance, but that 
the figure obtained from the first two bands 
is to be multiplied by 0.1. Now, on a resistor 
of 0.1 ohm, the first color band w.ould be 
brown, the second one would be black, and 
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(b) 



Fig. 3-5 


the multiplier band would be silver, as in 
Fig- 3-56. This would be decoded by mul¬ 
tiplying 10 by 0.01 and getting a resistor 
value of 0.1 ohm. In much the same way a 
resistor coded brown, green, and gold would 
be decoded: 1, 5, and a multiplier of 0.1, as 
in Fig. 3-5c. So multiplying 15 by 0.1, the 
value of resistance is found to be 1.5 ohms. 


Wirewound Resistor Code. The same basic 
code that is used on carbon composition 
resistors is also used to indentify low power 
(2 watts or less) wirewound resistors. For 
that reason, it is not possible to tell the 
difference between these resistors by look¬ 
ing at color alone. Yet, it is necessary to be 
able to tell a carbon composition resistor 
from a wirewound resistor, because some¬ 
times only one or the other can be used in a 
circuit. It is done in this manner: Carbon 
composition resistor color bands are of equal 
width; Band A , in wirewound resistors, as 
shown in Fig. 3-6, is twice the width of the 
other bands. So whenever you see that the 
first band of a resistor is wider than the 
other bands, you will know that the resistor 
is wirewound. 


1 


band a. 
band A 



E. 


band c 
band o 


wire wound resistor 
Fig. 3-6 


Uninsulated resistors (excepting radial 
lead resistors) have black bodies. Insulated 
resistors commonly have tan bodies. Both 

types have colored bands to indicate their 
values. 

Radial-Lead Resistor Code. Up to this 
point little mention has been made of the 
radial-lead resistor, which was shown in 
r^ig. 3-26. Changes in manufacturing methods 
have made radial-lead resistors out of date, 
and they are no longer made by leading 
manufacturers. However, there are so many of 
them in radios all over the country that it is 
necessary for you to know how the color 
code applies to them. Instead of being ar¬ 
ranged in three or four color bands, the 
colors are placed and read in this order: A- 
body color, which stands for the first sig¬ 
nificant figure; B- end color, which stands 
for the second significant figure; C- dot 
color, which stands for the multiplier; and 
D- tolerance color (at the other end), which 
stands for the percentage of tolerance. For 
example, as shown in Fig. 3-7, a 100-ohm 
resistor with a tolerance of 10% would have 
a brown body (one), a black end color (zero), 
a brown dot (add one zero), and a silver 
tolerance end (10%). It is not possible to 
mistake the ends, because gold or silver can 
never stand for a significant figure. If there 
is no tolerance color (no gold or silver end), 
the tolerance is ±20%. 




(brown) 


(black) 



D-toierance 
color 
(silver) 

too ohm ± to% radial lead resistor 


C~ dot color 
(brown) 


Fig. 3-7 





























































8 


ELECTRONIC FUNDAMENTALS, LESSON 3 


Sometimes the multiplier is represented by a 
band in the middle, instead of by a dot. The 
same method of reading colors that is used 
for axial lead resistors, Fig. 3-4, is used 
for radial-lead resistors. Instead of Band 
A, read the body color; instead of Band B, 
read the end color; instead of Band C, read 
the middle dot or band; and instead of Band 
D, read the tolerance end. 


There are some special cases that come 
up in reading the color code on radial-lead 
resistors. This is because the body of the 
resistor and one of the color-code markings 
on the body may be the same color. Some 
resistors have no end markings, others have 
no middle dot or band, and still others have 
no markings other than a body color. These 
resistors are properly color coded, even 
though they seem puzzling at first glance. 
Where there is no separate end color, the 
end color is taken to be the same as the 
body color. Where there is no separate mid¬ 
dle dot or band color, it, too, is the same as 
the body color. For example, a resistor with 
an orange body, with one end the same 
color, the other end silver, and with a red 
middle dot, as in Fig. 3-8 a, would be de¬ 
coded 3 (orange), 3 (orange), add two zeros 
(red), and a tolerance of plus or minus 10%. 
Because gold or silver can never be a signi¬ 
ficant figure, we know that the end marked 
with silver must stand for the tolerance. 
On the other hand, a resistor with an orange 
body with a gold middle dot and no other 
markings, as in Fig. 3-8 b, would be decoded 
3 (orange), 3 (orange), and multiplied by 0.1 
(gold). This would identify a resistor of 3.3 
ohms with a tolerance of plus or minus 20%. 
In much the same way, a resistor that is 
completely red, as in Fig. 3-8c, would be 
decoded 2 (red), 2 (red), add two zeros (red), 
and stand for a resistor of 2,200 ohms plus 
or minus 20%. 


Most of the resistors found in radio and 
TV sets may be identified by this resistor 
color code, which has become part of the 
Military Standards of the Department of De¬ 
fense. Remember, no law requires a manu¬ 
facturer to use the resistor code or any other 
color code exactly as written. For that 
reason, you may find a resistor difficult to 
decode because the manufacturer took some 
liberties with the code. With a little thought, 



3300-ohm +io% resistor 

(a) 



3.3-ohm ± 20 % resistor 

(b) 


red 

-i 


2200 -ohm ±20% resistor 

(c) 

Fig. 3-8 

you will probably be able to puzzle out the 
value even in these special cases. 

The resistor code is the color code that 
you will probably use most often in your 
work. You will save yourself a lot of time 
and work much more efficiently if you will 
learn this code by heart. The test that you 
will find at the end of this lesson includes 
many questions based on the resistor code, 
fthen you have completed this lesson, take 
the test and see how much you really know 
about color codes. 


3-4. CAPACITOR CODES 

Mica Dielectric Capacitor Code. The 

next code that you should know about is 
the color code for mica dielectric capaci¬ 
tors. At this time, it is not necessary that 
you learn this code by heart; but you should 
learn how to use it. Actually there are and 
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there have been many forms of the mica 
capacitor code. Some of them are outdated 
and were used so seldom that it does not pay 
to learn them. For this reason, they are not 
included in this lesson. There are, however, 
four mica codes which you should know some¬ 
thing about. They are: the old RMA (Radio 
Manufacturers Association) 3-dot, the old 
RMA 6-dot, the new RETMA (Radio Elec¬ 
tronic Television Manufacturers Association), 
and the Military Standards codes. 

Fortunately, these codes are basically the 
same and use the same color system as the 
resistor code. The easiest to learn is the 
old RMA 3-dot color code^ While this code 
and the old RMA 6-dot code are almost out¬ 
dated, there are so many capacitors that 
were marked by these codes that you should 
know how to identify them. 

The Old RMA 3-Dof Code. Figure 3-9 
shows three capacitors that are marked 
under the 3-dot code. In using this code, it 
is important to know in which order the color 
markings on the capacitors are to be read. 
In the 3-dot code, they are always read from 
left to right. The only difficulty might be in 
trying to find out which way to hold the ca¬ 
pacitor while reading the code. Two of the 
capacitors shown have arrows. When the ca¬ 
pacitor is held so that the arrows point from 
left to right, it is in the proper position for 
reading. If the arrow points from right to left, 
turn the capacitor half way around, so that 
the arrow points from left to right, before 
reading. In the third capacitor, there is no 
arrow. In this case, the capacitor is held so 
that the manufacturer's name is right side up 
so that it can be read. When the capacitor is 
in this position, the 3-dots are read from left 
to right as on the other capacitors. The unit 
of capacity is the farad. However, the ca¬ 
pacity of mica dielectric capacitors is given 
in micromicrofarads (sometimes abbreviated 
mmf, sometimes yu/x/j, whenever the color 
code is used. 

The Old RMA 3-dot color code is applied 
in this manner: The first dot (the one on the 
left) stands for the first significant figure, 
the middle dot stands for the second signifi¬ 
cant figure, and the third dot (the one on the 
right) is the multiplier and stands for the 



(a) 



(c) 

Fig. 3-9 

number of zeros added to the first two digits. 
For example, a capacitor that has red for the 
first dot, green for the second dot, and brown 
for the third dot, as in Fig. 3-10, would be 
decoded as follows: 2 (red), 5 (green), add 
zero (brown). This stands for a capacitor of 
250 jifif. Figure 3-11 and Table C show the 
code applied to the old RMA 3-dot and 6-dot 
coded capacitors. The first two columns and 
the multiplier column apply to the 3-dot code. 
All six columns apply to the 6-dot code. 



tolerance ± 20 % unless otherl.se marked 

VifrV VUU UlA ['CSS 0'4huY)A/ 

Fig. 3-10 
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TABLE C - OLD RMA MICA-DIELECTRIC CAPACITOR CODE 


Color 

First Dot- 

Second Dot- 

Third Dot- 

1 Four 

th Dot - Multiplier 

Fifth Dot- 

Sixth Dot — 


First Signif¬ 

Second Signif¬ 

Third Signif¬ 



T oleranc © 

V oltage 


icant Figaro 

icant Figaro 

icant Figaro 

Maltiplior 

Number of Zeros Added 


Rating 

Black 

0 

0 

0 

xl 

Add no 0 



Brown 

1 

1 

1 

xlO 

Add 0 

*1% 

100 wv 

Red 

2 

2 

2 

x 100 

Add 00 

* 2% 

200 wv 

Orange 

3 

3 

3 

x 1,000 

Add 000 

♦ 5% 

300 wv 

Yellow 

4 

4' 

4 

x10,000 

Add 0000 

±4% 

400 wv 

Green 

5 

5 

5 



+ 5% 

500 wv 

Blue 

6 

6 

6 



±6% 

600 wv 

Violet 

7 

7 

7 



±7% 

700 wv 

Gray 

8 

8 

8 



±8% 

800 wv 

White 

9 

9 

9 



±9% 

900 wv 

Gold 




xO.l 


±5% 

1000 wv 

Silver 




x 0.01 


±10% 

2000 wv 


No Color 


±20% 500 wv 


^Third dot in the 3-dotjc ode. iAO c 6 

i A 

\p° 7 o S'W&y 

The 3-dot code is very similar to the 
resistor code given earlier in the lesson. 
Some manufacturers add a dot or splash 
of silver or gold on the body of the 
capacitor to indicate tolerance. When this is 
done, gold stands for plus or minus 5%, and 
silver for plus or minus 10%, as in the case 
of the resistor color code. When only the 
3 dots are given, the tolerance is plus or 
minus 20%. 

The Old RMA 6-Dot Code. Where the old 
RMA 6-dot code, shown in Fig. 3-12, is 
used, the manufacturer marks the capa- 

© ® ® 


o> o> 0> 



I o^ <x K go o wv 1 

citor with an arrow or his name to show 
how to hold the capacitor when reading the 
code. When there are 6-dots and the capaci¬ 
tor is held in the proper manner, the code is 
read from left to right on the top row of dots 
and from right to left on the bottom row of 
dots. (We say that it is read clockwise be¬ 
cause we read in the direction that clock 
hands move.) The first three dots (on the 
top line) stand for the first three significant 
figures. The first dot stands for the first 
significant figure, the second dot stands for 
the second significant figure, the third dot 
stands for the third significant figure, the 
fourth dot (the one in the lower right-hand 
corner) stands for the multiplier (the number 
of seros to be added), the fifth dot stands 
for the tolerance, and the sixth dot (in the 
lower left-hand corner) stands for the voltage 
rating. This last rating shows how much of 


© <D ® 



12,500 ppf ±io% capacitor 


Fig. 3-11 


Fig. 3-12 
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what can be called electrical pressure may 
be connected across the capacitor. It is 
sometimes called the working voltage, ab¬ 
breviated wv. In your later studies of ca¬ 
pacitors, you will find that this is an impor¬ 
tant factor. 

Let s take an example and see how this 
code works. A capacitor of 12,500 /i/zf, with 
a tolerance of plus or minus 10%, and a volt¬ 
age rating of 600 volts, would be coded as 
follows: the first significant figure (1) would 
be represented by brown, the second signifi¬ 
cant figure (2) would be represented by red, 
the third significant figure (5) would be rep¬ 
resented by green, the two zeros would be 
represented by red in the fourth dot, the 
tolerance plus or minus 10% by silver in the 
fifth dot, and the voltage rating by blue in 
the sixth dot. 


and with gold standing for 1,000 volts, and 
silver standing for 2,000 volts near the bot¬ 
tom of the list. Where there is no colorshown 
in the sixth dot, the voltage rating is 500 
volts, which, by.the way, is the voltage rating 
of all 3-dot capacitors unless otherwise 
marked."' 


first significant 
figure 


second significant 
figure 


white 



l/\t w coJgT 

class 


tolerance multiplier 
Fig. 3-13 


While the old RMA mica capacitor codes 
are very much like the resistor color code, 
there are some differences that you must 
know about. Look carefully at the fifth 
(tolerance) column of Table C and you will 
see that each color, with the exception of 
black, represents a tolerance. Either gold or 
green could be used to stand for a tolerance 
of plus or minus 5%. Under this old code, it 
was possible to show a tolerance of plus or 
minus 1%. In the sixth column (voltage rat- 
ing), you will find that every color except 
black represents a voltage rating, with brown 
standing for 100 volts, at the top of the list, 


RETMA Mica-Dielectric Code. If you ex¬ 
amine Fig. 3 - 13 and Table D, you will 
find the present RETMA mica-dielectric 
capacitor code. You will note that the code 
uses six dots just like the old RMA 6-dot 
code. However, there are two important 
changes that make this code different from 
the old code. The 6 dots are read in the same 
order as the old code, but the first dot no 
longer stands for a significant figure* In¬ 
stead, it is always white, which is to let you 
know that the capacitor uses the RETMA 
code. This is done because the Armed Forces 
use a somewhat different code, which might 
be confused with this one. The other change 


TABLE D - RETMA MICA-DIELECTRIC CAPACITOR CODE 

Fi^SlT por WH CTE O KI AL 


Color 

Second Dot- 
First Signif¬ 

Third Dot- 
Second Signif¬ 

Four i 


icant Figure 

icant Figure 

Multiplier 

Black 

0 

0 

xl 

Brown 

1 

1 

x 10 

Red 

2 

2 

xlOO 

Orange 

3 

3 

x 1,000 

Yellow 

4 

4 

xlO.OOO 

Green 

5 

3 


Blue 

6 

6 


Violet 

7 

7 


Gray 

8 

8 


White 

Gold 

Silver 

9 

9 

xO.l 

xO.Ol 


- Multiplier 

Fifth Dot - 

6th Dot 

Humber of Zeros Added 

T o/eroncft 

Class 

Add no 0 

±20% 

A 

Add 0 


B 

Add 00 

±2% 

C 

Add 000 

±3% 

D 

Add 0000 

±5% 

E 


I 

J 

±10% 
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affects the sixth dot, which no longer stands 
for a voltage rating but stands for a new 
class rating. The working voltage rating of 
mica capacitors is not given by the RETMA 
or military codes. For radio work, it may be 
assumed that most mica capacitors have a 
voltage rating of at least 500 volts d.c. 

In order, the dots are read as follows: the 
first dot (white) always stands for RETMA 
mica-dielectric color code. The second dot 
(middle top) stands for the first significant 
figure, the third dot (top right) stands for the 
second significant figure, the fourth dot 
(lower right) stands for the multiplier, the 
fifth dot stands for the tolerance, and the 
sixth dot stands for the class of capacitor. 
For example, a capacitor coded as follows: 
white, red, green, brown, green, and brown, 
would be decoded as follows: RETMA coded 
mica-electric capacitor (white), 2 (red), 5 
(green), add one zero (brown), plus or minus 
5% tolerance (green), and Class B (brown). 
This would show a 25, plus or minus 
5%, Class B mica-dielectric capacitor. If you 
examine the tolerance column of Table D, 
you will find tolerances of 2, 3, 5, 10, and 
20%. Note that a tolerance of plus or minus 
5% is represented by green instead of gold, 
and that plus or minus 20% is represented by 
black instead of by no color at all. 


The sixth dot, which refers to the manu¬ 
facturer s classification, includes many fac¬ 
tors that do not enter into our work. 


first significant second significant 
figure figure 


Mi. 

Yvu\\\‘ _ 

S4» VXtWvcf Code* 

c/ass 





tolerance multiplier 


Fig. 3-14 


Military Standard Mica-Dielectric Capacitor 
Color Code. Look at Fig. 3-14 and Table E. 
The Military Standard Color Code for mica 
capacitors looks very much like the code 
just discussed. It has, however, some differ¬ 
ences which make it important for us to ex¬ 
amine it separately. It is read in the same 
way that the RETMA mica code is read. 
However, the first dot (in the upper left- 
hand corner) is always black instead of 
white to indicate the Miltary Standard Color 
Code. A black dot in this position never 
stands for zero in any code. As in the RETMA 
color code, the second dot stands for the 
first significant figure, the third dot stands 
for the second significant figure, the fourth 
dot stands for the multiplier, the fifth dot 
stands for the tolerance, and the sixth dot 
stands for the class. It differs from the RET¬ 
MA code in that there is no tolerance for plus 
or minus 3% and that plus or minus 5% is 
gold instead of green. It differs in the class 
column in that there are no Classes A, l or /, 



TABLE E 

- HI LIT ARY 

STANDARD HICA-DIELECTRIC CAPACITOR 

CODE 



ElKST 'POT AsLWfV^C; 

STACK 

Color 

Second Dot- 
First Signif¬ 
icant Figaro 

Third Dot- 
Second Signif¬ 
icant Figara 

Fourth Dot 

Multiplier 

— MultipH®? 

Number of loros Added 

Fifth Dot - 
T olerance 

Black 

0 

0 

xl 

Add no 0 

±20% 

Brown 

1 

1 

xlO 

Add 0 

Red 

2 

2 

xlOO 

Add 00 

±2% 

Orange 

3 

3 

xl,000 

Add 000 

Yellow 

4 

4 



Green 

5 

5 




Blue 

6 

6 




Violet 

7 

7 




Gray 

8 

8 




White 

Gold 

Silver 

9 

9 

xO.l 

xO.Ol 


±5% 

±10% 


6th Dot— 
Class 


B 

C 

D 

E 

F 


X 














Capacitor Codes 


black 


red green 



brown gold br ' Qwn 
military-standard— coded zso PJuf ± 5% 
Class -b capacitor 

Fig. 3-15 

a nd it has Classes F (p anr i y ■ • 

£ RE ™ A does no, kis’cX a i 50 " 
lass B capacitor with a tolerance of 
« minus 5% would be coded ,, , , P 
black for the first dot, followed by redeem 
brown, gold and brown, as shown in Fig 8 ?" 


Milifory Standard Paper.Diol ect , ic Cap. 

Armid F„'ree C i P h:ie 0rS ' h “ . are ■ 

enclosed in bakelite^ases 3 

much like mica rliVl - T hey ook ve 

3-16 shows TLse ca C " C CaP “ it0rS ' as Fi 

6 dots, as shown in FU 1 ors ® re c °dcd wi 

mica-dielec trie 3 6 ,USt as ai 
cases, however t h" capacttors. I„ son 

3^.2 air 

shown in , h e illustration. In .h^c.T’ “ 

«row, or some similar device as in V 
3-loa, is u<^rl L , . > as ln ri£ 

> ^ used to show which side ; 0 r 5 

r"ad. a rt th o'r h °f 3 i d”„r hiCh d °« « »“ 

second row of doLt C' r ' ad '“ st as the 
after rota,”*the“ "f " ^ “> d «- 
of its leads, as in Fh °i? ^ 3X15 

hold the caDanVnr k ^ ^ * n °ther words, 
finger with Ae ° "" tho " lb a " d ^ 

show that it s a oao W a" r yS te sil ’“ 
The second do, is rhi firtr r° Capacitor ' 
and the third dor is the sec' 8 "^"*” 1 - f ! S “ re 
figure. Now still hnU’ , " significant 
tween ^..or be- 

way around as shown in' Figf-1 6 T" A ''“'f 
the remaining 3 dors from rfgh, fo Z, n 
fourth dot, which is on the right is rh T 
Piter, the fifth dot is the r„ff ’ he mult1 ' 
dot on the left is the class *** ^ 




Fig. 3-16 


Table F, you will f ind ther ;;“ 2^ 
ances shown Pine • three tole 

Pins or minus 20% is biaekaL f “ 

30% is orange. Th ere are 1o „,h P "' in ' 
There are Classen cTJ 7 ,Z'T* 

nil tr,^ n re a r„:: tb th ' KSiStm COda ’ “ 

ctciurers use the capacitor codes Py . 
ove/ 90% gI Orth" ^ leSSOm However - well 

coded I! Is'e'codr'arj 

that differs from these codes you T 
-nte directly to the manufacturer foTt 
formation about his methods of coding. 



























14 


ELECTRONIC FUNDAMENTALS, LESSON 3 


TABLE F - MILITARY STANDARD PAPER-DIELECTRIC CAPACITOR CODE 




y^PS'-'T ocn a uv>/y(s 



Color 

Socond Dot- 
First Signif¬ 
icant Figaro 

Third Dot- 
Socond Signif¬ 
icant Figaro 

Fourth Dot — Multiplier 

Multiplior Numbor of Zeros 

Fifth Dot— 

T o loranco 

Added 

6th Dot 
Class 

Black 

0 

0 

xl 

Add no 0 

±20% 

A 

Brown 

1 

1 

xlO 

Add 0 


E 

Red 

2 

2 

xlQO 

Add 00 



Orange 

3 

3 

xl,000 

Add 000 

±30% 


Yellow 

4 

4 

x10,000 

Add 0000 



Green 

5 

5 

xl00,000 

Add 00000 



Blue 

6 

6 





Violet 

7 

7 





Gray 

8 

8 





White 

9 

9 





Silver 





±10% 



COLOR CODE - MOLDED PAPER CAPACITORS 

multiplier multiplier 




The Voltage Rating is given 
in hundreds of volts. Only- 
one band is employed for 
ratings under 1,000 volts. 
Two bands are employed 
for ratings over 1,000 volts. 
Use digit column to read 
voltage rating. 


TOLERANCE 

COLOR 

TOLERANCE 

BLACK 
BAND OR 
NONE 

±20% 

WHITE 

OR 

SILVER 

±10% 

YELLOW 

OR 

GOLD 

±5% 


Fig. 3-17 


Molded Tubular Paper Capacitor Code. 

Molded tubular paper capacitors are color 
coded as shown in Fig. 3-17. The colors 
have the same values as before, except when 
used in the tolerance position, as shown 
in the chart in this figure. 

3-5. RETMA WIRING COLOR CODE 

While no circuit wiring code is in general 
use among manufactures of home receivers, 
some manufacturers use the RETMA wiring 
color code. Manufacturers of commercial 
communication equipment and all military 
communication equipment are generally re¬ 
quired to use this wiring code. Probably 
many years will pass before the radio in¬ 
dustry adopts it for all radio and electronic 
equipment. This code is included in this 
lesson so that you may identify the circuits 
in receivers that use it. Table G shows the 
complete wiring code. 


TABLE G - RETMA CHASSIS WIRING CODE 

Color 

Circuit Name 

Black 

Grounds, grounded elements, and 
returns 

Brown 

Heaters or filaments, off ground 

Red 

Power supply B + 

Orange 

Screen grid 

Yellow 

Cathodes 

Green 

Control grids 

Blue 

Plates 

Violet 

Not used 

Gray 

A-C Power lines 

White 

Above or below ground returns, 
AVC, etc. 


When leads for antenna and ground connections are 
provided on the receiver, the antenna lead will be 
blue and the ground lead black. 
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retma power- 
transformer color 


code 

primary 
winding 
without tap 

black 

1 

o 

J 

red 

S high - 

^ red and voltage 
g yellow secondary 

red 

yellow 

£=» „ , rectifier - 

^yellow and f/lament 

§ 0,ue secondary 

black 

primary 
winding 
with tap 
black (common 

yellow 

green 

filament 

p- 3 yellow secondary 

green 

brown 

black and g 
yellow str. S 

i. , filament 

'Q brown and secondary 
pg yellow # 2 


black and red 
stripe (finish) 

Note: Either one 
primary or the 
other is used. 

brown 

slate 

slate and 

§f- yellow secondary 

slate 


retma i-f transformer 
color code 


plate • 


blue 


green 


Bi- 


red 


> black 


grid or 
diode 

return 


plate 

B+ 



S^L- diode 
black return 


diode 



and black 


retma a-f transformer 
color code 



plate 


blue 


b+- 


red 


-3H£R — grid 
_black return 

^ reen arid 
or yellow (start) 


Fig. 3-18 


3-6. RETMA TRANSFORMER CODE 


retma loudspeaker 
color code 


Power transformers, intermediate fre¬ 
quency transformers, and audio-frequency 
transformers frequently come with color- 
coded leads so that their windings may be 
easily identified. While you have no immedi¬ 
ate need for the transformer code, it is 
included in Fig. 3-18 for future use. Some 
of the terms used in identifying some of the 
windings may be strange to you now. How¬ 
ever, by the time you have need for this 
information, you will know what the terms 
mean. At that time, it might be a good idea 
to learn this code. 


voice- coil leads 
green 


fnish) mL f i { / 
' lack v 1 X 


(finish) 

b lack 

(start) 


field-coil leads 

black and redrrEKKicirc\y^iiow and red 
(start) 7 finish) 

tap 

siate\ and red 

black a nd redr Krrfyrrfr \y e ^ ow anc * red 
(start) UUUUUUU (finish) 


(with tap) 


3-7. RETMA LOUDSPEAKER CODE 

Some manufacturers use the RETMA loud¬ 
speaker code to identify voice-coil leads and 
field-coil leads. This code is shown for 
your future use in Fig. 3-19. 

3-8. KEEP UP WITH CODE CHANGES 

While not all of the codes included in this 


Fig. 3-19 

lesson are in general use by radio manufac¬ 
turers, they are well worth knowing about. 
This is particularly true of the resistor and 
mica dielectric capacitor codes. There are 
cwo or three codes that will be included in 
later lessons as needed. 

An important factor to remember about 
codes is that they change from time to time. 
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When changes occur, it will be important 
that you know about them. In most cases 
information about such changes will come 
to you through your local radio and TV parts 
distributor, if you finally establish yourself 
in a radio and TV service business, or it will 


Ih ^ ° Ugh y ° Ur ^PWer, if you 

ould decide to do service work for some 

established company. No matter where you 
hear of code changes, make sure that you 
study them carefully; you should know how 
they differ from the codes as they are now 










